Objective In hematological malignancy patients, the complication of acute respiratory failure often reaches a degree of severity that necessitates mechanical ventilation. The objective of the present study was to investigate the therapeutic outcomes of mechanical ventilation in hematological malignancy patients with respiratory failure and to analyze the factors that are associated with successful treatment in order to identify the issues that should be addressed in the future. Methods The present study was a retrospective analysis of 71 hematological malignancy patients with noncardiogenic acute respiratory failure who were treated with mechanical ventilation at Nippon Medical School Hospital between 2003 and 2014. Results Twenty-six patients (36.6%) were treated with mechanical ventilation in an intensive care unit (ICU). Non-invasive positive pressure ventilation (NPPV) was applied in 29 cases (40.8%). The rate of successful mechanical ventilation treatment with NPPV alone was 13.8%. The rate of endotracheal extubation was 17.7%. A univariate analysis revealed that the following factors were associated with the successful extubation of patients who received invasive mechanical ventilation: respiratory management in an ICU (p= 0.012); remission of the hematological disease (p=0.011); female gender (p=0.048); low levels of accompanying non-respiratory organ failure (p=0.041); and the non-use of extracorporeal circulation (p=0.005). A subsequent multivariate analysis revealed that respiratory management in an ICU was the only variable associated with successful extubation (p=0.030). Conclusion The outcomes of hematological malignancy patients who receive mechanical ventilation treatment for respiratory failure are very poor. Respiratory management in an ICU environment may be useful in improving the therapeutic outcomes of such patients.
which is associated with a hospital mortality rate of 70-75% (4) .
The causes of acute respiratory failure in hematological malignancy patients are varied, but are broadly divided into infection-related and non-infection-related etiologies. The causes of infection-related respiratory failure include bacterial infection, invasive pulmonary aspergillosis and other invasive fungal infections, and viral infections. The causes of non-infection-related respiratory failure include acute heart failure, hemorrhage, drug-related toxicity, radiation-induced lung dysfunction, malignant cell infiltration, and graft versus host disease. In hematological malignancy patients with acute respiratory failure, a definitive diagnosis often requires invasive testing, as it can be difficult to determine the cause of the complication via diagnostic imaging alone (5) . However, the depleted white blood cell and platelet counts of such patients (due to the original disease and its treatment) often prevents invasive testing and the identification of the cause. As neutrophils are also depleted, the therapeutic response in infection-related cases is often poor and the treatment protracted and difficult (6, 7) .
In many hematological malignancy patients, acute respiratory failure reaches a degree of severity that necessitates mechanical ventilation. However, physicians often have great misgivings about deciding to introduce mechanical ventilation. This is because the use of endotracheal intubation and mechanical ventilation (invasive mechanical ventilation: IMV) in hematological malignancy patients carries a high risk of ventilator-associated pneumonia (VAP) and because it was not actively recommended in the past (8) . Recently, non-invasive positive pressure ventilation (NPPV), which can also be used in sterile wards, has come into widespread use. It appears that (in comparison to IMV) the use of NPPV may reduce the risk of VAP in immunosuppressed patients who are treated for respiratory failure and shorten the duration of mechanical ventilation (9) , thus avoiding progression to IMV and reducing the rate of intensive care unit (ICU) admission (10) . Thus there are reports which assert that acute respiratory failure in hematological malignancy patients should initially be treated with NPPV (11) . However, there are conflicting reports which state that NPPV is not superior to IMV as an initial treatment for acute respiratory failure in hematological malignancy patients (12, 13) . In hematological malignancy patients, acute respiratory failure is often accompanied by other forms of organ failure, thus NPPV alone is often insufficient and IMV treatment will eventually become necessary (14) . Furthermore, it has been reported that in many of the cases in which the initial treatment with NPPV fails, it is difficult to wean the patient from mechanical ventilation and that the prognosis of such patients is poor; thus the decision to use NPPV as the initial treatment should not be taken lightly (15) .
In hematological malignancy patients, the cause of respiratory failure is difficult to diagnose due to the presence of immunodeficiency and hemorrhagic tendency, and treatment resistance frequently develops. As a result, the clinical profile of Japanese hematological malignancy patients with respiratory failure has not been clearly established. There are also many areas of uncertainty in relation to the treatment of these patients, including the administration of IMV and NPPV. The objective of the present study was to investigate the therapeutic outcomes of mechanical ventilation in Japanese hematological malignancy patients with respiratory failure and to analyze the factors associated with successful treatment in order to identify the issues that should be addressed going forward.
Materials and Methods
The present study was a retrospective analysis of the cases of 76 hematological malignancy patients who received mechanical ventilation for acute respiratory failure at Nippon Medical School Hospital between 2003 and 2014. Cases in which there was no prospect of curative treatment due to treatment resistance in the underlying disease and cases in which the patient or the patient's family refused ICU treatment, mechanical ventilation treatment, or extracorporeal circulation were excluded from the study. Respiratory failure was defined as an arterial oxygen partial pressure of less than 60 mmHg. Eligible cases were those of rapid onset respiratory failure where, regardless of the cause, mechanical ventilation was applied due to continued hypoxemia despite adequate oxygen administration.
A total of 76 patients received mechanical ventilation for respiratory failure. Five patients, in whom a cardiogenic etiology was definitely diagnosed, were excluded from the study. The remaining 71 patients were included in the present study. The term, "non-cardiogenic respiratory failure," was defined according to the definition of acute lung injury (ALI)/acute respiratory distress syndrome (ARDS) as issued by the American-European Consensus Conference (AECC: a joint consultative body formed by the American Thoracic Society and the European Society of Intensive Care Medicine) as a condition arising from an underlying disease in which cardiogenic pulmonary edema can be excluded and characterized by acute hypoxemia and bilateral pulmonary infiltrates that are visible in X-ray imaging. The term, "mechanical ventilation," included both IMV and NPPV. Cases were only eligible when mechanical ventilation was sustained for at least 24 hours.
To assess organ failure in the eligible cases in the present study, the presence of organ failure was evaluated based on the patients' laboratory data. The laboratory data used were the data measured within 24 hours of the start of mechanical ventilation. The ongoing measurement of the hematological data continued after the start of mechanical ventilation. Hepatic failure was recognized when hepatic dysfunction was indicated by the following values: aspartate aminotransferase (AST) >20 IU/L, alanine aminotransferase (ALT) >20 IU/L, and total bilirubin >2.0 mg/dL. Renal failure was recognized in cases of renal dysfunction when the serum creatinine level was >2.0 mg/dL. Heart failure was recognized when there were clear symptoms of heart failure and a brain natriuretic peptide (BNP) level of >100 pg/mL.
The primary endpoint was to identify the factors that were associated with successful endotracheal extubation in non-cardiogenic respiratory failure patients. The patients' clinical data were subjected to statistical analyses using Chisquare, Fisher, and t tests. The cumulative incidence of endotracheal extubation and mechanical ventilator weaning was analyzed using the Kaplan-Meier log-rank test. p values of <0.05 were considered to indicate statistical significance. A multivariate analysis, using Cox's proportional hazards model, was conducted to identify the factors that were associated with successful endotracheal extubation. A stepwise backward procedure selection model was used to extract independent events. Events with a significance level of p! 0.15 were included in the analysis. The IBM SPSS Statistics software program (version 21.0.0.0, IBM, New York, USA) was used for all of the statistical analyses.
Results

Mechanical ventilation for respiratory failure in hematological malignancy patients
Among the 71 hematological disease patients with noncardiogenic respiratory failure, 45 (63.4%) patients were treated with mechanical ventilation in a sterile ward, while 26 (36.6%) received mechanical ventilation in an ICU. Among the patients who received mechanical ventilation, 62 (87.3%) received IMV, while 29 (40.8%) received NPPV, and 20 (28.2%) received both NPPV and endotracheal intubation. The average durations of mechanical ventilation, intubation and NPPV were 12.5 days, 12.2 days, and 5.2 days, respectively. The rate of endotracheal extubation was 17.7% (n=11), and the rate of weaning from mechanical ventilation was 25.4% (n=18). Fifty-three (74.6%) patients died without being weaned from mechanical ventilation.
The identification of the factors associated with successful endotracheal extubation in non-cardiogenic respiratory failure patients
From the total population of 71 patients who received mechanical ventilation treatment, the cases of 62 patients who underwent intubation were analyzed in order to identify the factors that were significantly associated with successful extubation (Table 1) . Mechanical ventilation in an ICU (p= 0.012) and remission of the underlying disease (p=0.011) were identified as significant factors.
The backgrounds of the patients in the sterile ward and ICU treatment groups
The background of hematological malignancy in the patients with non-cardiogenic respiratory failure was compared in the sterile ward group and the ICU group ( Table 2 ). The ICU treatment group had a significantly higher number of male patients (p=0.034), patients who received both intubation and NPPV (sterile ward group: 5/45 cases, 11.1%; ICU group: 15/26 cases, 57.7%; p<0.001), and patients who were treated between 2009 and 2014 (sterile ward group: 16/45 cases, 35.6%; ICU group: 21/26 cases, 80.8%; p=0.001). No significant intergroup differences were found in the factors that were considered likely to affect the therapeutic course (i.e. the number of chemotherapy sessions before the introduction of mechanical ventilation and the neutrophil and platelet counts).
The most frequent cause of non-cardiogenic respiratory failure was bacterial pneumonia [25/71 cases (35.2%)] (Table 3). There were no differences in the causes of noncardiogenic respiratory failure in the sterile ward and ICU groups.
The usefulness of NPPV against non-cardiogenic respiratory failure
Among the 29 patients who received NPPV, 9 (31.0%) patients received mechanical ventilation through NPPV alone. Four of these patients (13.8%) were successfully treated with NPPV alone. NPPV was used more frequently for the treatment of non-cardiogenic respiratory failure in the ICU group (sterile ward group: 10/45 cases, 22.2%; ICU group: 19/26 cases, 73.1%; p<0.001). There was no significant difference in the treatment outcomes of the patients who were treated with NPPV only (sterile ward group: 1/5 cases, 20.0%; ICU group: 3/4 cases, 75.0%; p=0.206). In both groups, all cases of unsuccessful treatment progressed to mechanical ventilation based on endotracheal intubation.
Assessment of non-respiratory organ failure
Acute respiratory failure in hematological malignancy patients is frequently accompanied by other forms of organ failure. With non-cardiogenic respiratory failure, the sterile ward group had dysfunction in an average of 0.622 organs, while the ICU group had dysfunction in an average of 1.000. There was no distinctive profile in the organs that were affected. The number of dysfunctional organs tended to be higher in the ICU group (p=0.055) ( Table 2 ). The number of cases that required extracorporeal circulation [such as patients who received continuous renal replacement therapy (CRRT)] was significantly higher in the ICU group (11/26 cases, 42.3%) than in the sterile ward group (3/45 cases, 6.7%) (p<0.001) ( Table 2 ). All of the patients in the ICU group who underwent extracorporeal circulation, received continuous renal replacement therapy and none of the patients in the ICU group received hemodialysis (Table 4) . There were no intergroup differences in the hematological data from the time that extracorporeal circulation was introduced (Table 4) .
The rates of endotracheal extubation and weaning from mechanical ventilation
The rate of endotracheal extubation was significantly higher in the ICU group than in the sterile ward group (ster- (Figure A) . The rate of weaning from mechanical ventilation, including NPPV, was also significantly higher in the ICU group than in the sterile ward group (sterile ward group: 7/45 cases, 15.6%; ICU group: 11/26 cases, 42.3%; p=0.022) ( Figure B) . The 28-day cumulative rate of endotracheal extubation (sterile ward group: 3/40 cases, 7.5%; ICU group: 6/22 cases, 36.2%; p=0.239) and the cumulative mechanical ventilator weaning rate (sterile ward group: 6/45 cases, 23.9%; ICU group: 9/26 cases, 43.1%; p=0.285) were also higher in the ICU group than in the sterile ward group, but not to a statistically significant extent ( Figure C, D) . These findings indicate that the treatment of the acute respiratory failure in an ICU produced better treatment outcomes in hematological malignancy patients with non-cardiogenic respiratory failure.
The efficacy of mechanical ventilation treatment in an ICU
In the ICU group, the factors that were associated with successful endotracheal extubation were identified by comparing the patients who were successfully extubated with those who were not ( Table 5 ). The following significant factors were identified in the patients in whom endotracheal extubation was successful: female gender (p=0.048); low levels of accompanying non-respiratory organ failure (p=0.041); and the non-use of extracorporeal circulation (p=0.005). Regarding the time from when the need for mechanical ventilation arose (within 24 hours or after ! 24 hours) until ICU admission, no difference was found in the rate of successful endotracheal extubation in the patients who were admitted to the ICU within 24 hours and the patients who were admitted after ! 24 hours (within 24 hours: 2/7 cases, 28.6%; In order to establish the importance of these factors, including the differences in the background characteristics of the patients, we conducted multivariate a analysis to assess their effect on successful endotracheal extubation. A multivariate analysis using Cox's proportional hazards models revealed that treatment in an ICU (p=0.030) was a significant independent factor in successful endotracheal extubation (Table 6 ).
Discussion
The present study analyzed the therapeutic outcomes of mechanical ventilation in Japanese hematological malignancy patients with respiratory failure and the associated prognostic factors. In hematological malignancy patients with acute respiratory failure, treatment with NPPV alone was rarely successful (sterile ward group 2.2%, ICU group 11.5%); however, concerns over the invasiveness of IMV may have caused a delay in progression to this therapy. In recent years, NPPV is more frequently utilized in general wards, including sterile wards, and there are reports that indicate that it is useful for treating non-cardiogenic respiratory failure in patients with hematological malignancy or immunodeficiency (11) . Thus, the present study also investigated the usefulness of NPPV. NPPV was more frequently used to treat noncardiogenic respiratory failure in the ICU group (p<0.001). It is hypothesized that the reason for this is that, in cases where accompanying VAP or difficult extubation is predicted, past reports (8) have led to the expectation that improvement is more likely to be achieved with NPPV than IMV; thus NPPV was more frequently applied in the ICU treatment group (10) . However, the severity of acute respiratory failure as a complication of hematological malignancy makes it difficult to manage acute respiratory failure with mechanical ventilation via NPPV alone (16) . Consequently, almost all of the cases progressed to IMV. (9) A large number of issues are associated with the use of IMV for non-cardiogenic respiratory failure in hematological malignancy patients. A sterile ward is an isolated individual room. Because of this, continuous monitoring is not possible and there are limits to the management of the ventilator by the nursing staff. Questions arise as to whether clinicians are able to carry out effective respiratory management in an environment with insufficient monitoring, and whether they are able to adequately manage the artificial ventilator, which they use infrequently. In contrast, the ICU is an environment in which IMV can be applied by intensive care doctors accustomed to providing mechanical ventilation and who can monitor the patient continuously with the support of adequate nursing resources. Although NPPV also appears to be useful in the initial stage of acute respiratory failure, treatment with NPPV alone was unsuccessful in the majority of cases, and the failure of the initial NPPV treatment may be associated with a prognosis (14) . The above results appear to indicate a need for stringent monitoring to ensure that there is no delay in the progression from NPPV to IMV, and that an ICU is a preferable treatment environment to a sterile ward (17) .
Organ failure as a complication of hematological malignancy is a severe condition (1), and may require CRRT or other forms of extracorporeal circulation in addition to IMV. However, when hematological malignancy is accompanied by organ failure that is severe enough to require extracorporeal circulation, the weaning rate from extracorporeal circulation is low (7.4%). In the present study, death occurred in all of the cases in which weaning failed. Extracorporeal circulation was thus associated with a very poor prognosis. This is thought to be due not only to the presence of severe organ failure itself, but also to other factors, including the increased risk of catheter-related infections due to long-term catheter use in patients who are susceptible to infection, the risk of taking an invasive approach in patients with hemorrhagic tendency, and the risk of multiple new complications arising from the use of extracorporeal circulation. In other words, weaning from IMV appears to be extremely difficult in hematological malignancy patients with non-cardiogenic respiratory failure and organ failure (other than respiratory failure) that is severe enough to require extracorporeal circulation.
In the present study, a retrospective analysis was undertaken to identify the factors that were associated with successful endotracheal extubation in hematological malignancy patients with acute respiratory failure. However, the present study was associated with some limitations. It was retrospective in nature, was performed at a single center with a small study population and the amount of data was insufficient. Furthermore, the possibility of bias needs to be considered with regard to the conclusion that the therapeutic outcomes of mechanical ventilation are better in ICUs. To reduce the bias in patient selection, patients were excluded from the analysis if their underlying disease offered no prospect of cure, or when the patient or the patient's family did not give permission for intensive care treatment or extracorporeal circulation. To account for intergroup bias, a multivariate analysis was carried out to cover the other factors that were associated with successful extubation (Table 1) , and to cover the background factors ( Table 2 ) that were associated with significant differences in the outcome of patients in the ICU and sterile ward groups. However, a number of major issues remained. Among these were the differences in the criteria that the different attending physicians used to refer patients to an ICU, the vastly greater ratio of nursing staff to patients in ICUs in comparison to sterile wards, the fact that the study did not account for the marked advances in drugs, medical equipment, and other resources over the last ten years (although it did include the historical period of treatment as a factor in the multivariate analysis), and the fact that blood gas, ventilator settings, and other factors were not analyzed. Going forward, there is a need for a prospective multi-center joint study of ICUs to verify the findings of the present study and to identify other factors that are associated with successful endotracheal extubation.
